eep vein thrombosis (DVT) is the most common type of venous thromboembolism. Patients with DVT are at risk of developing potentially life-threatening complications, such as pulmonary embolism, but also long-term complications, including post-thrombotic syndrome and chronic thromboembolic pulmonary hypertension.
D
eep vein thrombosis (DVT) is the most common type of venous thromboembolism. Patients with DVT are at risk of developing potentially life-threatening complications, such as pulmonary embolism, but also long-term complications, including post-thrombotic syndrome and chronic thromboembolic pulmonary hypertension. 1 Current treatments for DVT focus on preventing clot expansion with anticoagulants and vasoactive drugs and by increasing venous blood flow through physical methods. However, anticoagulation cannot accelerate the natural thrombus resolution and reciprocally increases the risk of bleeding. Despite initial management of symptomatic acute events, patients remain at high risk for recurrence and predisposed to developing long-term complications. Transition of thromboembolic events to chronic disease is essentially caused by persistent inflammation resulting in delayed thrombus resolution, fibrosis, and vessel wall damage. 2, 3 T cells are powerful regulators of immune and nonimmune cell function, and their recruitment and activation represents a critical step in either resolution or dysregulation of inflammatory immune responses. Investigating their role in DVT in the inferior vena cava (IVC) stenosis model in mice, 4, 5 we observed that T cells rapidly infiltrate the vein wall on DVT induction and remain in the vein wall and thrombus throughout the thrombus resolution. Assessing their mode of activation and inflammatory activity in state-of-the-art reporter mice in combination with depletion procedures, we show that recruited effector-memory T cells (T EM ) experience an immediate antigen-independent activation and produce IFN-γ (interferon) in situ. We further show that innate T-cell activation is critical for DVT because it determines neutrophil and monocyte recruitment and delays thrombus neovascularization and resolution.
Methods

Animals and Animal Experiments
C57BL/6, B6.129S4-Ifng tm3.1Lky /J (interferon-gamma reporter with endogenous poly A transcript), 6 C57BL/6-Tg(Nr4a1-EGFP/cre)820Khog/J (Nur77 GFP ), 7 and B6.Cg-Tcra tm1Mom Tg(TcrLCMV)327Sdz (45.1) (P14) mice 8 were bred in the central animal facility of the Johannes GutenbergUniversity Mainz. All animal experiments were performed in accordance with animal ethical laws (authorization G12-1-087), current institutional guidelines, and the Helsinki convention for the use and care of animals. DVT was induced by stenosis (permanent ligation with 80% flow reduction) of the IVC. 4, 5 Depletion of T cells by injection of monoclonal antibodies is described in the Online Data Supplement. For polyclonal activation of T cells, mice were once intravenously injected with a monoclonal anti-CD3 antibody (30 µg/animal, clone 145-2C11).
Flow Cytometry and Flow-Assisted Cell Sorting
Tissue digestion procedures and antibodies used for flow cytometry are listed in the Online Data Supplement. Data were acquired on a BD LSRII and analyzed with FlowJo (version 9.6.4). Cells were sorted with a BD FACS (fluorescence-activated cell scanning) Aria II.
Immunohistochemistry
IVC and Varizose veins were digested, stained, and fixed as outlined in the Material in Online Data Supplement. Results were photographed on a Olympus BX51 microscope. All images were quantified by morphometric analyses using image analysis software (Image ProPlus, version 7.0; Media Cybernetics).
Varicose Veins
Ethical approval was obtained from the Ethics Committee of the Landesärztekammer Rheinland-Pfalz, Mainz, Germany. All individuals provided written informed consent before being included in the study.
Reverse Transcription Polymerase Chain Reaction
RNA was isolated from IVCs by acid guanidinium thiocyanatephenol-chloroform extraction. Quantitative real-time TaqMan polymerase chain reaction was performed on a CFX96 Polymerase Chain Reaction thermal cycler (Biorad, Hercules, CA).
Statistical Analyses
Normal distribution was checked using the D'Agostino and Pearson omnibus normality test. Quantitative data are presented as mean±SEM. Differences were tested by Student t test for unpaired means, if normally distributed, or Mann-Whitney test, if not. Differences between multiple groups were compared using 1-way analysis of variance. Statistical significance was assumed if the P value <0.05. All analyses were performed using GraphPad PRISM data analysis software (version 6.03; GraphPad Software Inc).
Results
Venous Blood Flow Restriction Recruits T Cells Into the Vein Wall
To investigate the functional role of T cells in post-thrombotic inflammation, we induced DVT in mice by 80% flow reduction in the IVC. 4, 5 On thrombogenesis, CD4 + and CD8 + T cells rapidly infiltrated the thrombotic vein wall and thrombus and remained in the tissue throughout the period of thrombus resolution ( Figure 1A ). In contrast, vena cava samples in shamoperated and untreated animals contained almost no T cells.
T cells exhibit distinct migration patterns depending on their differentiation. On the basis of differential expression of CD44 and CD62L adhesion/homing receptors, IVC-recruited CD4 + and CD8 + T cells at day 2 mainly consisted of (CD44 high CD62L low ) T EM ( Figure 1B) , reflecting the particular ability of these cells to enter inflamed tissue. 9 In contrast, T-cell populations in day 2 thrombi showed a similar composition as in blood, suggesting nonselective inclusion at thrombus formation.
DVT-Recruited T EM Cells Receive an Immediate Antigen-Independent Activation and Produce IFN-γ In Situ
T cells are obligatory participants of cognate immunity, and effector T cells develop on antigen-mediated activation within 2 to 4 days. To precisely follow their activation on recruitment into the thrombotic IVC, we induced DVT in Nur77 GFP mice. In these mice, GFP (green fluorescent protein) is expressed under the control of the orphan nuclear receptor Nr4A1 (Nur77) transiently upregulated in T cells by antigen receptor stimulation with maximum expression between 12 and 24 hours. 7 In addition, we measured the expression levels of the earliest surface activation marker CD69, upregulated either by antigen receptor stimulation 10 or, independently, by inflammatory cytokines alone.
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To confirm simultaneous regulation of both markers (GFP and CD69), by antigen (T-cell receptor [TCR])-mediated activation in vivo, an additional group of ligated Nur77 GFP mice was injected with a T-cell stimulatory anti-CD3 monoclonal antibody.
Activation of T cells by anti-CD3 injection upregulated GFP and CD69 expression of all T cells within 24 hours simultaneously, including those in the thrombotic vein wall. In contrast, T cells in the vein wall of thrombotic mice upregulated only their CD69 expression within 24 hours of recruitment (and became entirely CD69 positive afterward), whereas their GFP expression levels remained unaltered (Figure 2 ). GFP and CD69 expression remained unaltered in the blood and lymphoid organs of ligated compared with unligated reporter mice (Online Figure I) , demonstrating that the activation occurs only in the vein. No changes in GFP levels were observed in T cells in thrombi. Supposedly reflecting their heterogeneous composition also, only few T cells in thrombi increased their CD69 expression at day 7, whereas at day 2 no signs of activation could be detected.
Although these observations suggested that T cells exclusively respond to inflammatory signals in the thrombotic IVC, they could not exclude an occasional activation of a few T cells by antigen, particularly at later time points. To gather further evidence whether or not antigens are involved in T-cell activation in the vein wall, we turned to TCR transgenic Nur77 GFP reporter mice expressing an LCMV (lymphocyte choriomeningitis virus)-specific TCR (P14) in the CD8 + compartment. To generate virus-specific T EM cells, double transgenic T cells were adoptively transferred into B6 mice, and the recipients were infected with LCMV virus on transfer. After the mice had cleared the virus (at day 20 after infection) and P14 T cells had become T EM cells (Online Figure II) Figure II) . Inflammatory cytokines play a key role in post-thrombotic inflammation. 12 Through its capacity to stimulate endothelial and vascular smooth muscle cells and prime inflammatory cytokine genes in monocytes, IFN-γ is of particular importance for inflammatory disease pathogenesis. 13 IFN-γ produced by T cells, NK cells, and innate lymphoid cells has been shown to delay thrombus resolution by suppressing matrix metalloproteinase-9 (MMP-9) production in macrophages. 14 We, therefore, investigated IFN-γ production in DVT-recruited intravenous T cells. To reliably detect live IFN-γ-expressing T cells in vivo, we performed IVC ligation in interferon-gamma reporter with endogenous poly A transcript mice. 6 In these mice, eYFP (enhanced yellow fluorescent protein) expression faithfully reflects IFN-γ protein production (Online Figure III) . Whereas only low frequencies of YFP + T cells were detected in the blood and spleen of thrombotic interferon-gamma reporter with endogenous poly A transcript mice, IVC-recruited T cells in ligated mice contained increased frequencies of YFP-expressing cells representative of IFN-γ production on DVT-induced recruitment in the vein wall ( Figure 2) . Interestingly, the frequency of IFN-γ producers was larger in the CD8 + compared with the CD4 + compartment. In the thrombus, IFN-γ production was confined to few T cells with a (CD62L neg ) T EM phenotype (Online Figure V) . Collectively, these results demonstrate that T cells experience an immediate, antigen-independent activation in the thrombotic vein wall and contribute to post-thrombotic vascular inflammation.
DVT Induces an Upregulation of Cytokines/ Chemokines in the Thrombotic Vein That Triggers IFN-γ Secretion in T EM Cells
Although GFP expression in Nur77 GFP T cells strictly depends on cognate stimulation, 7 CD69 expression is regulated by numerous inflammatory stimuli. 10, 11 We, therefore, set out to identify the inflammatory signals triggering intravenous T-cell activation on blood flow restriction. Consistent with rapid innate immune cell recruitment and activation, we observed an upregulation of mRNA encoding for several cytokines and chemokines in thrombotic veins compared with unaffected veins of sham-operated mice ( Figure 3A) . The most significantly upregulated genes included IL-1, IL-6, IL-18, the alarmin IL-33 15 and the T-cell-activating chemokines CCL3 (Macrophage inflammatory protein-1 α [MIP-1α]) and CCL8 . 16 We also found IL-12, IL-27, and IFN-β mRNA to be increased. Expression of the IL-12 subunit p40 shared by IL-12 and IL-23 was representative of IL-12 regulation because IL-23 expression remained unaltered 24 and 48 hours after DVT.
We subsequently analyzed DVT-induced cytokines and chemokines in regard to their ability to trigger IFN-γ production in isolated T EM cells. Flow-sorted (CD44 high CD62L low ) CD4 + and CD8 + T EM cells (Online Figure III) were, therefore, stimulated for 48 hours with recombinant IL-1β, IL-6, IL-12, IL-18, IL-27, IL-33, IFN-β, CCL3, and CCL8 (termed hereafter venous cytokine cocktail), followed by intracellular analysis of IFN-γ production. Stimulation with the venous cytokine cocktail induced IFN-γ production in both CD4 + and CD8 + T EM , and the frequency of IFN-γ-secreting cells peaked after ≈24 hours (Online Figure III) . In accordance with our observations in vivo, CD8 + T EM contained more IFN-γ producers compared with CD4 + T EM . Mapping the contribution of individual cytokines by measuring their individual and combined IFN-γ-stimulating potential and by removing them from the cocktail confirmed IL-12 and IL-18 as important IFN-γ inducers in CD4 + and CD8 + T EM ( Figure 3B ; Online Figure IV ). 17, 18 Corroborating similar observations in CD8 + T cells, IFN-β also contributed to IFN-γ induction in CD4 + and CD8 + T EM . 19 The strongest IFN-γ-stimulating potential was, however, observed with the complete venous cytokine cocktail, surpassing the prototypical IL-12/IL-18 combination. Because our observations in Nur77 GFP mice indicated that DVT-recruited T cells experience an antigen-independent activation in the venous tissue, we examined whether the venous cytokine cocktail affects GFP and CD69 expression in Nur77 GFP T EM cells. In accordance with our in vivo observations, isolated Nur77 GFP T EM cells upregulated CD69 but not GFP expression on stimulation with the venous cytokine cocktail (Online Figure III) .
T EM Cells Regulate Post-Thrombotic Vein Wall Inflammation and Thrombus Resolution
Thrombus resolution is known to be an inflammatory process, and T cells are obligate effectors in inflammatory responses. Given their ability to rapidly generate inflammatory cytokines, tissue-infiltrating T EM cells are perfectly poised to orchestrate immediate action on sterile tissue injury. To understand the importance of innate T EM activation in DVT, we set out to compare the course of post-thrombotic sterile inflammation in the vein wall in the presence and absence of this population. T EM cells, however, cannot be selectively depleted, and their adoptive transfer into T-cell-deficient mice significantly alters their functional state. 20, 21 To generate mice that selectively lack a T EM compartment, we performed antibody-mediated T-cell depletion and let depleted mice refill their T-cell compartment with newly generated naive T cells, including regulatory T cells, for several days before ligation (Online Figure VI) . Of note, T-cell depletion experiments were performed in agematched mice of at least 30 weeks of age.
T EM deficiency did not affect initial thrombus sizes but significantly increased thrombus resolution leading to reduced thrombus sizes and weights in T EM -depleted mice at day 14 ( Figure 4A ). In accordance with Nosaka et al, 14 we also observed increased thrombus resolution in IFN-γ −/− mice (Online Because thrombus resolution involves the plasmin and the MMP system, we measured intrathrombotic gene expression of tissue-type plasminogen activator, urokinase-type plasminogen activator, and plasminogen activator inhibitor-1 as well as MMP-2 and MMP-9. T EM deficiency did not affect urokinase-type plasminogen activator expression, slightly reduced tissue-type plasminogen activator, plasminogen activator inhibitor-1, and MMP-2 expression but increased MMP-9 expression in thrombi on day 14 ( Figure 4B ). To address potential differences in the cellular content, thrombi were also subjected to histochemical analysis. Using CD31 as marker for immature endothelial cells, which can be found on newly formed vessels lining neovascular channels, we observed higher numbers of CD31 + endothelial cells in thrombi of T EM -deficient mice at day 14 ( Figure 4C ), indicating enhanced intrathrombotic recanalization.
One of the key processes of acute inflammation consists in a defined sequence of leukocyte recruitment: an initial wave of polymorphonuclear neutrophils (PMN) precedes a second PMN-driven wave of inflammatory Ly6C high monocytes followed by local conversion of recruited monocytes to a reparatory Ly6C low/neg state. To address the role of innate T EM activation in DVT-induced PMN and monocyte recruitment into the vein wall, we returned to Nur77 GFP mice. In monocytes, expression of the transcription factor Nur77 is regulated by growth factors and inflammatory stimuli and inversely coupled to their inflammatory state.
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Impressively, T EM deficiency almost completely blunted PMN and inflammatory monocyte recruitment into the vein wall in the first few days on IVC ligation ( Figure 5 ). Consistent with local differentiation and Nur77 upregulation in recruited monocytes, higher numbers of reparatory Nur77 high Ly6C low/neg monocytes/macrophages were found in the IVCs of untreated compared with T EM -deficient mice within the first 7 days after DVT induction. Presumably, reflecting the advanced healing process, late thrombi in T EM -deficient mice also contained significantly lower numbers of cells expressing Mac2 ( Figure 4C ), a marker selectively upregulated in M2 macrophages.
T EM Recruitment Into Inflamed Venous Tissue Increases With Age
Because in both mice and humans, the overall frequency of memory T cells increases with age, 28 we compared peripheral Comparing thrombus sizes in young (10 weeks) and old (>30 weeks) animals confirmed the previously published observation that older animals develop significantly larger venous thrombi. 29, 30 However, thrombi in young and old animals resolved with a similar speed (not shown), whereas T EM deficiency did not affect initial thrombus sizes but increased thrombus resolution ( Figure 4A ). Together these observations show that T cells do not influence thrombus formation but affect thrombus resolution by shaping the early inflammatory response.
Human Varicose Veins Predominantly Contain T EM Cells
Because our observations pertain to mice, the obvious question was raised as to how they translate to humans. Patients with DVT rarely require surgical assistance; consequently, human thrombotic veins remain largely inaccessible. Varicose veins, caused by reduced venous blood flow, affect a different part of the venous system but represent a DVT-associated disease, that, at least in its severe form, presents a risk factor for DVT. 31 Similar to thrombotic deep veins, human varicose veins often contain a greater number of inflammatory cells, including T cells. 32 To examine the impact of blood flow reduction on T-cell recruitment in the human venous system, we analyzed the composition of the T cell infiltrate in varicose veins compared with peripheral blood. Histochemical analysis of the walls of varicose great saphenous veins identified T cells in the tunica adventitia ( Figure 7A ). Flow cytometric analysis of their phenotype revealed a preferential expression of T EM markers and of the activation marker CD69 on a large part of these cells ( Figure 7B ). These observations show that inflamed human veins (similar to thrombotic veins in the model) attract T cells that become activated and remain in the tissue for an unknown time.
Discussion
T cells play a key role in initiating and perpetuating inflammation. In comparison to inflammatory processes associated with pathogen clearance, little is known about their role in inflammation under sterile settings, such as in cardiovascular diseases. Herein, we provide first evidence for a fundamental importance of T cells in DVT-induced venous inflammation and thrombus resolution and offer mechanistic insight into their intravascular activation mode and inflammatory activity. The immune system is traditionally divided into innate and adaptive components with distinct roles and functions. T cells are major components of the adaptive immune system, and their activation and inflammatory activity depends on cognate stimulation by antigen-presenting cells. More recently, however, it has been recognized that antigen-experienced 
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December 9, 2016 CD4 + and CD8 + memory T cells are not limited to cognate antigen for their activation and produce signature cytokines in response to cytokine stimulation alone. 19, [33] [34] [35] [36] In T EM cells, the ability to respond to inflammatory signals is coupled to an increased ability to migrate into extralymphoid tissue. In contrast to naive T cells and central memory T cells, which are largely restricted to secondary lymphoid organs and blood, T EM cells lack lymph node homing signals and recirculate between lymphoid organs and tissues. While showing some tissue selectivity in the steady state, 9 T EM recruitment becomes a common feature in inflamed tissue. 37 Although antigen-independent T-cell cytokine production by T EM cells remains incompletely understood, it is expected to play a key role in inflammatory responses for many reasons. Most important, immediate retrieval of imprinted effector functions in tissue-patrolling cells omits the expense of antigen sensitization, clonal expansion and differentiation of antigen-specific populations. At the single-cell level, cytokine-induced cytokine production in T cells surpasses their antigen-induced cytokine production in both amount and duration. 33 With respect to the total amount of cytokine formed, a small population of T EM cells may thus be more effective than a similar sized population of antigen-specific T cells. Because the size of the T EM population continually increases with antigen exposition, an ever-greater number of responder cells accumulates over the lifetime of an individual. 28 Together innate cytokine production extends the role of the T cell from functioning exclusively as a component of the adaptive immune Tracking GFP regulation in Nur77 GFP mice as a strict and sensitive reporter of TCR-mediated activation and CD69 expression as a marker of TCR or inflammation-induced activation, we provide in vivo evidence that T cells perceive an immediate innate activation in the thrombotic vein. Correspondingly, IVC-recruited T cells in the thrombus and vein wall begin to produce IFN-γ in situ. Mapping inflammatory conditions in the early thrombotic vein, we show that DVT induction upregulates a distinct set of cytokines and chemokines that synergize to induce IFN-γ secretion and upregulate CD69 but not GFP expression in CD4 + and CD8 + T EM cells from reporter mice. Interestingly, CD69 upregulation was not restricted to the IFN-γ-producing fraction of T EM cells, suggesting that nonproducers also become activated. Whether and how activated T EM cells that do not produce IFN-γ contribute to post-thrombotic inflammation in vein walls remains to be determined. Although we only mapped a small segment of the inflammatory course after DVT, our study suggests that the early phase after DVT preferentially drives a Th1 T EM -cell response. In contrast to cognate activation that triggers simultaneous production of numerous cytokines in effector T cells, cytokine-mediated stimulation recalls only hallmark signature cytokines in T EM cells. In line, T EM neither produced TNF-α nor GM-CSF in the presence of the venous cytokine cocktail. We also observed no IL-9, IL-17, or IL-22 production, suggesting that the early inflammatory conditions in the vein wall represented by the cytokine cocktail favor IFN-γ production by T EM cells. Increased recanalization of thrombi in the absence of T EM cells underlines the role of T EM -cell-derived IFN-γ as a similar increase in intrathrombotic angiogenesis has been observed in IFN-γ −/− mice. 
Nur77
+ reparatory phenotype from day 3 onward. Ly6C high monocyte immigration coincides with an increased IFN-γ production by immigrant T EM cells, suggesting that monocytes and T cells undergo a reciprocal stimulation. In the absence of T EM cells, the early PMN and inflammatory monocyte recruitment is greatly reduced, showing that T cells determine the extent of early inflammatory damage. In this context, IFN-γ signaling to Ly6C hi monocytes and macrophages directly controls their capacity to secrete key mediators. 22 However, whereas T EM -cell deficiency reduced the initial monocyte influx, it did not seem to influence their transition from inflammatory to reparatory phenotype. Interestingly, Ly6C neg monocytes/macrophages produce anti-inflammatory cytokines some of which have been recently shown to inhibit antigen-independent T-cell IFN-γ secretion. 38 It is, thus, tempting to speculate that acquisition of anti-inflammatory cytokine production by monocytes in the late thrombotic vein limits innate T EM -driven pathology.
Whether T-cell effector function in the thrombotic vein is restricted to IFN-γ secretion is not clear. IFN-γ has, however, been shown to represent a key factor in thrombolysis. Nosaka et al 14 observed that IFN-γ accumulates in venous thrombi and suppresses thrombus resolution by inhibiting MMP-9 production by monocytes. Accordingly, thrombus 
Circulation Research
December 9, 2016 resolution was accelerated in Ifng −/− compared with wildtype mice, although thrombus formation remained unaffected. In line with a key role for T EM -cell-derived IFN-γ, we show here that MMP-9 expression and thrombus resolution increase in the absence of T EM cells, whereas initial thrombus sizes remain unaffected.
Both the number of DVT cases and the incidence of longterm complications increase dramatically with age. 39, 40 Among known age-dependent changes in the immune system, the dynamic of the memory T-cell compartment seems particularly striking. After an initial marked increase in the first decade of life, memory T-cell frequencies reach a plateau and remain stable throughout the adulthood. Eventually, after decades of homeostasis, frequencies of memory T cells in the blood increase again at ages over 65 years. 41 Changes in T-cell subset composition in the last third of lifespan are accompanied by drastically reduced primary adaptive immune responsiveness. 42 One of the most intriguing findings of our study is that the number of T EM cells infiltrating the thrombotic IVC wall increases with the size of the peripheral T EM pool. This observation points to a correlation between the age-dependent increase in circulating T EM cells and the age-dependent increase of long-term complications. Suggestive of an age-dependent role of innate T EM -cell activation in vascular inflammation increased circulating T EM numbers have been associated with aggravated atherosclerosis and coronary artery disease in humans and animal models. 43 With regard to the role of T cells in venous inflammation in humans, we show here that human varicose veins preferentially contain T EM cells that in large parts express an activated phenotype. It seems that, similar to our observations in the murine model, sterile vascular inflammation in man induces memory T-cell recruitment and activation.
Decades of work explored the role of innate immune cells in thrombogenesis and thrombus resolution. Although representing key protagonists in the promotion or resolution of inflammation, adaptive immune cells received almost no attention in this context. This study has shed new light on the role of T cells in thrombosis by showing that T EM cells receive an immediate innate activation in the thrombotic vein and orchestrate the inflammatory response in venous thrombosis affecting thrombus resolution. 
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What Is Known?
• Venous thrombus formation and resolution are initiated and controlled by innate immune cells.
• Effector-memory T (T EM ) cells acquire antigen-independent inflammatory function.
• T EM cells orchestrate and maintain inflammatory responses in nonlymphoid tissues.
What New Information Does This Article Contribute?
• Venous thrombosis recruits T EM cells into the vein wall and thrombus.
• Recruited T EM cells experience an immediate antigen-independent activation and produce IFN-γ (interferon) in situ.
• T EM cell-derived IFN-γ determines neutrophil and monocyte recruitment and delays thrombus neovascularization and resolution. 
IVC flow restriction
IVC flow restriction was performed as previously described. 
High frequency ultrasound (HFUS)
Ultrasound was performed with the Vevo 770 System and a 40 MHz mouse scanhead (VisualSonics). Mice were anesthesized by isoflurane inhalation. Anaesthesia was maintained by mask inhalation of isoflurane vaporized at 2-4% isoflurane mixed with 0.2 liters per minute (L/min) 100% O 2 concentration in the induction phase, and at 0.8-1.3% (0.5-1.5% isoflurane with 0.05-0.1 L/min 100% O 2 ) during observation. During observations the body temperature was kept at 37 degrees. Heart rates were monitored and kept at 500 beats per minute. Upon depilation of the abdomen and application of ultrasound transmission gel a long axis view was used to visualize the IVC, the ligation or the injury site and the formed thrombus. An optimal freeze-frame image was taken manually and the cross-sectional area of the clot traced using the Vevo 770 software to obtain the measurement. The length and width of clots were measured applying B-mode.
Immunohistochemistry
Sections were deparaffinized and quenched in 3% H 2 O 2 (in methanol; Roth), followed by blocking of unspecific antigen binding sites using 10% normal serum (in PBS; Abcam) and heat- 
Flow cytometric analyses
Mouse IVCs were cut into small pieces and lyzed for 14 min at 37°C using a mixture of DNAse I 
LCMV
LCMV strain WE (LCMV-WE) was propagated on L929 fibroblast cells at a low MOI. LCMV titers were determined in spleens 5 days after infection as described. 6 
Statistical analyses
GraphPad Prism ® data analysis software was used for statistical analysis (version 6.03; GraphPad Software Inc. 
